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SUIMARY 


Definition of • loir>^rth otblt Spneo Station !• currMtly nndotwoy by the 
national Aaronantlea S Spaea Adalniatratlon. Ona najer alaamt of thla 
activity la tha Saflnitlon of tha taebaol^ raqvlrad to aapport aueb a Spaea 
Station. Tachnoloty raadiaaaa la balng aaaaaaad for all tte functional araaa 
of tha Spaca Station. Ona of tha noat la^rtant functional araaa la tha 
Environnantal Control/Llfa Support SyatM . Iflthto thla ^aton a hay portion 
of it la tha air ravltallaatlon ayatan ahlch la that harSvan raqulraS to 
raclaia tha oxygan fron nan* a natabollc carbon dloalda ud paraplrad vatar and 
provide breaching oxygon. Tactanol^y raadiaaaa of the ragenarativa air 
revitalisation ayatM auat ba dcnonatratod. 

A progran to develop and teat a ona-paraon* bra^oard» wparlaantal Air 
Bavltallsatlon Syatan haa bam undamay at the Ratlmal Aaronantlea A Spaca 
Adnlniatratlon and Life Syatana* Inc. for tha paat aevaral yaara. Thla 
facility (Figure 1) rapraMnta tha flrat totally intagratadt aalf'-contalnad 
air revitalisation ayatan at any paraon level that la totally operated with 
Ita own control nonitor Inatrunmtatlon md will operate with a ona-button 
startup. Tha facility la unique In tha United Stataa. Tha work reported ' 
herein la a portion of tha overall progran. It teacribea tha upgrades and tha 
li^rovananta nada to thla ayatm. It alao eovara tha additional taatlng under 
conditions sinllar to those that will ba mcountarad In tha Spaca Station. 

Several nodlflcatlons ware nada to tha existing facility. The alectrochanical 
(X >2 ranoval nodule was upgradad to Incorporate unltlsad elactroda/natrlx 
cores which were shown to have najor parfomance Inprovanmta. A new 12>«all 
water electrolysis nodule was fabricated and Installed. Upgrades ware nada to 
tha autonatlc control and nonitor inatrunmtatlon Including Installation of 
new analog/dlgltal converter boards and Inprovanmta In tha signal 
conditioning. Tha capability for cyclic operation of tha systm to slnulata 
cyclic power availability (l.a.» light/dark portlms of low»mrth orbit) was 
added. 

In the test support accassorlas arm* several additions ware nada. Provisions 
for slnulating variations in spacecraft air carbon dioxide and taunldity levels 
and spacecraft coolant supply taaparaturas ware laplanmtad. Tha capability 
for autonatlc data acqulaltlm with a conputar based storage systm was also 
added. 

The testing phase cmslated of conpletion of 60 days of total Integrated 
operation at nonlnal* and varying paranetric and cyclic conditions. Hajor 
findings were that tha functira of earbm dioxide renoval* carbra dioxide 
reduction* oxygm gmaratlon* cabin Intnldity cmtrol and tha associated water 
hmdllng cm ba and ware mccassfully dmignad and built to work together 
under slcgle mtonatlc coaputar control. Predicted behavior was verified In 
nost cases. 

In additlm to tha activities cited above* two parallel tasks were undartakm 
during this progran. One involved tha prallnUiary design of m air revitalisa- 
tion systen for tha Spaea Station at tha four-parson level. The other task 
Involved a design of future envlronnmtal control and life support autonatad 
control concepts. These activities are doemmted in separate reports. 
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It !• concluded froa th« rttulet r«port«d h«r«ln that a totally intagratad air 
ravltalliatioD ayataa la a vlahla approach for acaoapharle control aboard a 
nasnad Spaea Station* Contlnnad davalopnant of tha intagratad approach and 
ita ralatad tachnology la raconnandad to forthar laprova tha daal^ eoneaptit 
daeraaaa agulvalant walght and Incraaaa hardvara rallablllty. Suecaaaful 
conplatlon of thla davalopnant vlll produce tlnaly tachnology noeaaaary to 
InplMont future raganaratlva Envlronnantal Control/Llfa Support ayataa 
prograna. 


ACCOMPLISHMSHTS 


Kay progrui acconpllahnaota ara: 

a Danonatratad ona-button atartv^ of a conplax phyaioebanleal oyatan 
without nanual Intarvantlon. 

a Extandad by 1*350 h tha total period that tha ona>^raon breadboard 
air ravltallxation ayatan baa bean under teat. 

a Inplanantad capability for varying procaaa air carbon dioxide 
(CO.) partial praaaura and himldity and coolant aourca that 
slBQlata raaliatic apace vehicle Inter facaa. 

a Obtained dynamic ayatan parfocnanca raaponaa on tha Interaction of 
aubayatana* particularly tha glaetrochaalcal (X), Concentrator (EDC)» 
Sabatier CO2 reduction and oxygen (O2) ganaratim aubayatana* 

a Gained additional Integration technology knowledge and axparlanea 
during which aoma key Obaarvationa ware nada. 

a Upgraded the EDC nodule (EDCM) of the breadboard ayatan with tha 
lataat unltlxad core tachnology for tha llquld-eoolad call. 

a Ganaratad a prallalnary daalgn for a raganaratlva air revitalisation 
ayatan for tha Space Station. 

IMTKODUCTIOM 

Kaganarativa procasaas for tha revitalisation of spacecraft atnoapharas ara 
assantial for making a long-tam Space Station a reality.' * * Tha altama^ 
tlva* open-loop Shuttle technology* la uneconomical because of the total 
amount of Sdppllaa (and thalr launch costs) that need to be taken Into apace. 
The subject program continued the daval opn a n t of an Integrated air revitali- 
sation system based on raganaratlva tactelques. These techniques allow for 
tha efficient rraoval of CO2 from a apacacraft's cabin atnoaphara* CO2 
reduction with hydrogen (R27 and O2 recovery through water elactrolysla. 


0*2) Rafarancas ara cited at and of report. 
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B«ekgroufid 

Th« function of n rotonorotlvo Air Kovlcallineion SyotMi <AI8) la to (1) 
roaova tiM ■atabolleally gaiMratad 00, and watar uapor, (2) raeovar tha 0, 
eontalnad In tha raeovarad CO. and valor for aataholle eonaumptloo by tha^ 
crav* naka up for 0, loot baeauaa of Space Station laakata and 0, conawaad In 
tlM procaaa of 00, faaoval and (3) provide H, reduction of 

voter and for that conaunad In the CO. concentration procaaa. Tha control of 
aslant ralatlva hunldlty and partlal^praasura of O 2 la a daolrabla function. 

A conaldarabla aaount of RASA Envlronnantal Control/Llfa Support Syataa 
itCLSS) technology* Including AES technology* haa bean focuaad on davalopnant 
of apaclfic aubayotana to acconpllah each of the najor functlona of tha ECLSS 
and the AES In particular. Tbaae aubayat«u davalopaanta Include the Electro* 
chanlcal Depolarlaad CO, Concentration (EDC) Subayaten* * Static.?^ Water 
ilaetrolyala Subayatea fsiWES)*^f!.^ C^ Eeductlon Subayrtaa (CIS)'** ' and 

Nitrogen Supply Subayatan (NSSK^ • Tm focua on aubayatoM allova eoncan- 
tra*:lng effort on developing the apaclfic technology for each AES function. A 
dlaadvantaga* hovavar* la the lack of knovledge eoncemlng Intagretlon of the 
varloua aubayatana and thalr Intaractlona. Integration al^>llflaa procaaa 
har^ara baeauaa duplicate conponenta can be alivlnated. Other reaaona ere 
Hated In Table 1. Integration la needed for tha Space Station* a air revitali- 
sation function. 

A progran vhich raaultad In tha Integration of aubayatwa to provide tha air 
revitalisation function vaa aceoapliahed under varloua efforts baglnnlttg In 
1976. Life Syataas* vlth tho aupport of RASA* defined* daalgnad* fabricated 
and taatad an Integrated. AES vlth Ita autonated procaaa control and aonltor 
Inatrunentatlon. ' * * * Thla developnent vaa at the one-peraon breadboard 

level* called the ARX-1. It addreaaed for the flrat tine nany of the 
technology gape that exlated betveen the Isolated subsystess approach and an 
integrated approach. It also danonatrated the furthar need to perfora 
additional developaeat at the Integrated level. 

Initial developaent testing vlth the ARX-1 indicated the eueeessful operation 
vlth a one-button startup fron a centralised control and nonltor Instruaenta- 
tlon. The subject prograa further developed and tested the ASX-1. Conclu- 
sions drawn fron the Initial taating ahovad that (1) the Integrated approach 
is sound (2) grant hardware and procaaa control sinpllflcatlon can be 
achieved* (3) eons conponenta renain to be developed; however* theee are of a 
ninor natiira* and (4) there are no najor unknowns in the dasiffB and operation 
of such a ayatan. 


Progran (^jectivea 

The overall objectlvea of the progran reported on herein were to: 

1. Eefurblsh* nodlfy and upgrade the breadboard one-person ABX-1 test 
facility and Its Test Support Accessories (TSA). 
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TABLE 1 RKA80M8 FOE XIlTlCltATID 8T8TBM DEVELOFNEHT AMD TBST1M6 


• EIIb^cm duBllcatc coapoMncs* which arc not noodod when tho oyn- 
ton lo conoldorod «• a unit and not aa a collaetlon of tubayatMM. 

a Accunulataa coi^onanta and parta which ara connon chroughont ayatan* 
a.g. * watar handling. In oca cantralli:ad location. 

a Inpoaaa Intaractlon dynaalca on coaponanta by ualng actual andoltan 
alailar pluaiblng and ducting. 

a PacBlta raallatlc, and-applleatlon atartup ifaaonatratlon with ona, 
cantrallaad C/N I. 

a Panlta uaa of conaon faeilltlaa, a.g., snacacraft coolant, putga 
H 2 , vacuus. 

a Provldaa for raal-llfa toat condltlona/lntarfacaa. 

a Saducaa oxpandablaa. 
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2. Dealgn* fabrlcata and aaaanbla addad davalopaant hardwara to aupport 
the taating program. 

3. Daarnatrata intagratlon concapta through actual operation of a func- 
tionally-lntagratad AR8. 

4. Teat the integrated ayatea under conditiona aiailar to thoae expected 
in the end application. 

5. Accuaulate the experience and knovledge of operating an integrated 
ARS to allow future Space Station ARS deaigna to proceed. 

Program Organization 

To neet the above objectivea* the program vaa divided into five major taaka 
plus documentation and program management functiona. The taaka were: 

1. Refurbiah, modify and upgrade the hardware developed under 

previoua NASA contracta. The refurbiahment included both the 
hardware and aoftware elementa of the ARX-*! Control and Monitor 
Inatrumentation (C/M I). 

2. Conduct a parametric teat program conaiating of checkout . ahakedown 
and parametric teata. Parametric teating included variationa of 
pCO^ and dew point of the ainulated cabin air and of the coolant 
supply temperature at the interface to the ARX-l. 

3. Conduct cyclic testing to simulate low-earth orbit (LEO) day/night 
timeframes. The cyclic testing included checkout, shakedown and 
design verification tests. 

4. Prepare a preliminary design study of concepts for ECLSS control 
and monitor instrumentation. The activities of this task culsiinated 
in the preparation of mini- design/ recommendations report. 

-5. Prepare, iu a separate report, a preliminary design of an Air 
Revitalization Syst» for future Space Station application. 

Report Organization 

This Final Report covers the work performed during the period. May, 1981 
through June, 19Ei. Portions of the work performed. under this program are 
covered in greater detail in two separate rep cs.^ * * 

The following five sections of this report represent the technical results and 
are grouped according to (1) ARX-1 system description, (2) TSA, (3) system 
testing, (4) ECLSS C/M I design and (5) ARS preliminary design.. The last two 
sections are S 3 mopses of other referenced reports. These sections are then 
followed by Copcluslons and Recommendations baaed on the work performed and 
by References. 
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ASX-1 SYSTEM DESCRIPTION 


Th« block dlAgraa of a rotoaoratiirc ASS for tho control of c Spaco Station 
ataoapharo la ahown In Figaro 2. Shown arc the throe principal auboystoM 
noadad to raaova CO. froa and provide 0, to the crew space. These are the 
ED€( the Sabatier CO, Redoctlon Subsystea (S-CRS) and the Oxygen Generation 
Subeyatea (OCS). ^addition, the Cabin Roaldlty Control Subsystea (CHCS) la 
used to supply conditioned air to the EDC and to raaova the aatsbollc and EDC 
aolsture froa the cabin air* A water handling subsystea collects* stores and 
distributes liquid water within the ASS. Finally* a NSS using decoaposltlon 
of hydraslne (N,H.) provides for N, lost through cabin leakage sad extra 
H, to be used by the S-CSS. The breadboard ARZ-1 Incorporates a NSS. 

However* for the present prograa* the N 2 generating coaponents were not 
operated. 

A one-person regenerative ASS configured in this aanner would have the char- 
acteristics for fluid production/ conaui^tlon as shown In Table 2. The aeta- 
bollc requlresMnta for CO, reaoval and 0, generation and the 0, leakage 
rates are based on per person daily average values for a baseline Space 
Station. The ASX-1 aechanlcal/electrocheaical asseably (M/EA) hardware slsed , 
for these design flows was developed into the engineering breadboard asaeably 
shown in Figure 3. The detailed aechanlcal scheaatic of the ASX-1 Is given In 
Figure 4 while noalnal conditions for one-person operation are given In 
Table 3. 

The systea operating aodes and aode transitions are shown in Figure 5. The 
arrows indicate the transitions which are peraitted under the instruamitation 
control. In the nomal aode the ASX-1 perforas Its Intended air revitalisa- 
tion functions. In the shutdown aode these functions are inoperative but the 
systea la powered and all sensors are working. The systea is In this aode 
upon application of electrical power. During purge* all H, lines are flushed 
with N,. In the standby aode the systot is powered and aalntained at operating 
teaperatures and pressures. It Is this aode that was utilized alternately 
with the noraal a^e during cyclic testing. In the unpowered node* no electri- 
cal power Is applied to the systea and there are no fluid flows. 

ASX-1 Subsysteas Coaponent Descriptions 

The principal ASX-1 subsystea process coaponents Identified In Figure 3 are 
described below. 

Cabin Hualdlty Control 

The prlaary key coaponent In the CHCS is a sdcrogravlty-cosq>atible condensing 
heat exchanger shown In Figure 6. This unit utilizes liquid coolant flowing 
through tubes perpendicular to heat transfer fins and process air flow. 

Moisture condensi^ on the fins Is driven by air flow to a final row of tubes 
which do not carry coolant. All condensate and a portion of the process air 
are dra%m Into these tubes through saall holes. The required suction is 
created by a saall fan downstreaa of a llquid/gas separator where the condensate 
Is reaoved. The liquid-free air Is discharged by the fan back Into the 
process air flow downstreaa of the heat exchanger. 
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FIGURE 2 AIR REVITALIZATION SYSTEM BLOCK DIACTAM 










TABLE 2 OVERALL ARX-1 DESIGN CHARACTERISTICS 


Cr«v Sis* 1 


CO 2 Removal Rate» kg/d (Ib/d) 

1.00 

(2.20) 

O 2 Generation Rate* kg/d (Ib/d) 

1.64 

(3.60) 

Humidity Condensate Removal Rata* kg/d (Ib/d) 

1.82 

(4.01) 

Liquid Veter Production Rat*» kg/d (Ib/d) 

1.24 

(2.73) 

Methane Production Rate» kg/d (Ib/d) 

0.35 

(0.78) 


(a^ Consist* of 0.84 kg/d (1.84 Ib/d) 0, astebollc, 0.43 kg/d 
(0.94 Ib/d) O 2 for th* GO. rooval proces* and 0.37 kg/d 
(0.82 Ib/d) O 2 for leakage aakeup requirements. 
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EDC Module 


Sabatier Reactor 


NSS Module 


OGS Module 


FIGURE 3 ARX-1 MECHANICAL HARDWARE 
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TABLE 3 ABX-1 NOMIKAL OPHIATING CONDITIOH8 


CO. RmovaI (EDC) 

^ Nuabtr of Colls 

CO, Roooval BotOt kf/d (Ib/d) 

Cufront* A , 

Currant Danalty* wklaT (ASF) 

Call Voltaga* V 

Air lalat Tonparatura» K (F) 

Frassura* kFa (pala) 

Air Flow* da^/ain (sofa) 
pCO,* Pa iwm Ht) 

C 02 ^Raaoval Bffielaney* X 

0, Ganaratlon (SFWB) 
thiabar of Calls 
Currant* A , 

Currant Danslty* mk/cm* (ASF) 

Avoraga Call Voltaga* V 
Modulo Taaparatura* K (F) 

Prassuras* kPa (psia) 

H,0 Food* kPa (psla) 

H^>'to-H,0 Dlffarantlal 
0,-to<-nfo Dlffarantlal 
N 2 Purga* kPa (psla) 

Flow Iotas* kg/d (Ib/d) 

H,0 Food 
of Product 
H 2 Product 

CO, Induction (S-CIS) . 

^ EL Inlat Flow* ca'*/aln (Ib/d) 

CO, Inlat Flow* ca^/aln (Ib/d) 

Inlat Voluaatrlc Flw Ratio* H,/C0, 

CH. Outlat Flow, ca'’/^ (Ih/dJ 
Watar Outlat Flow* ca'^/ain (Ib/d) 
laactor Ta^aratura* K (F) 

Haatar Taaparatura* I (F) 

COj Induction Efflcl«icy* Z 
R 2 ^Convarslon Efficiency* Z 

Hualdlty Control (CHCS) 

Watar laaoval lata* kg/d (Ib/d) 

Cabin Air Flow* a'*/nln (efa) 

Cabin Air Taaparatura* K (F) 

Cabin Min. Daw Point Taaparatura* I (F) 
Cabin Max. lalatlva Hualdlty* Z 
Moalnal Latent Heat loaovad* H (Btu/h) 
Moalnal Sanslbla Heat laaowad* W (Btu/h) 
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1.0 ( 2 . 2 ) 

9.9 

22.6 ( 21 ) 

O.AO 

287 to 294 (60 to 70) 
101 (14.7) 

305 (10.8) 

400 (3.0) 

84 
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19.0 

204 (190) 
1.70 

339 (150) 

1*140 (165) 
1*163 (168) 
1*157 (167) 
17.2 (2.5) 
22.7 (3.3) 
1*170 (170) 


1.84 (4.05) 
1.64 (3.60) 
0.20 (0.45) 


1*700 (0.43) 

380 (2.20) 

4.5 

362 (0.78) 

0.56 (1.71) 

644 (700) 

644 to 755 (700 to 900) 

95 

85 


2.30 (5.07) 

2.8 ( 100 ) 

286 to 300 (65 to 80) 
279 (42.5) 

90 

61.5 (210) 

521 (1*780) 
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Ut« of • divortor volvo in tho coolant loop to tho h««t oxchangor panlta 
control of coolant tanparatura at conatant flow rata throt^h t^ heat 
axchangar. Tho exiting procaaa air daw print to^ratura cu than bo . 
controlled by tho coolant tanparatura. la tha AIX-1» 1.7 a^/nia (60 ft'^/nin) 
of procaaa air flov ia naintaiaad at a noninal procaaa daw point of 285 K (54 
F). 


CO. Concentration 

2 -—.'I- i 

The key conponent in tha CO. ranoval subayatan ia a liquid-cooled EDCM ahown 
in Figure 7. Thia nodule dmtaina aix alaetrochenical cella which parfom tha 
function of CO, renovalt and in the procaaa* preduca electrical power. Tha 
DC electrical power proceed by the EDCM ia tMod to offaat tha power conauned 
by the water alaetrolyaia nodule in tha 068. A power aharing control circuit 
provided in tha C/M 1 parfoma thia function. 

CO. Reduction 

An air-cooled Sabatier reactor ia tha heart of tha S-CRS. The reactor ia 
shown in Figure 8. The exiting H,/C0, nixture fron the EDCM ia converted 
to nethana (CH.) and water vapor via an axothamic reaction. Catalyata 
pronota tha raiccion Which occura at 644 K (700 F). Tha Sabatier axhauat* 
prinarily CB. and water vapor* flowa to a condanaar/aaparator where water ia 
moved. The renaining gaa ia vantad overboard. 

Oxygen Generation 

A liquid-cooled* 12-cell atatic feed water alaetrolyaia nodule (SFWEH) ahown 
in Figure 9 ia the key conponent of tha OGS. Within each alaetrolyaia call* 

H, is produced at tha cathode and 0, at the anode. A three-fluids pressure 
controller is used to naintain the pressure of tha 0,* H, and the water feed 
all with respect to abaoluta and with respect to aacn otMr. 

Miscellaneous Hardware 


Besides the najor eonponanta that are identified above* several ninor con- 
ponents including llquid/gaa separators* fans* check valves* punps* diverter 
valves* solenoid valves* hand valves* regulators* orifices* plunbing and 
structural parts cos^risa tha nachanical aasaably of tha ASX-1. Tha total of 
these conponents weighs approxinetely 144 kg (316 lb) and together ^th this 
franework and ita packagl^ franawork occupies the voIom of 0.91 wT (32 ft^). 
The dinansions of the ASX-1 nechanlcal assenbly shown in Figure 3 are 
117x76x102 cn (46x30x40 in). 

Several hardware nodlfications/upgradas were nade to tha M/EA. They are 
Identified in Table 4. The principal ones involved the EDCai and SFWEM* 
including the use of Fluorlnert as nodule coolant. This non-conduetive 
coolant was added to provide electrical inter-cell isolation of the nodules. 
Besides the upgrades listed* nost other conponents were inspected and 
individually checked (e.g.* solenoid valves to ensure operation* etc.) before 
testing began. 
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FIGURE 7 LIQUID-COOLED EDCM 
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12-Cell SFWEM 


H 2 Outlet 


O 2 Outlet 

JPKTi . _ . 


Coolant Outlet 

.. - A' S 


FIGURE 9 STATIC FEED WATER ELECTROLYSIS MODULE 
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TABLE 4 AEX-1 K/BA HAIDUARE M0DIPXCATI0R8/UFGEADB8 


• B«fttrblth«4 BDCM with unitluad eorwi. 

• Rwbttilt SfWEM - AdwMCwd «l«ctro4«s. 

• Replaced felled Eebetler heater (HI) and thecaocot^le (T016). 

a Changed coolant In BDCM and SFVIM frow water to fluorlnart. 

a Ellwlnatad all Nitrogen Generation Module (NGM) Intarfaeaa. Dlaconnactad 
(alaetrlcally only) walvaa. 

a Ranovad water atoraga tank (tf8T2) to alaalata apaeacraft atoraga tank 
operation. Added T8A puap which la operated only during ffSTl water 
refill. 

a Replaced 3-FPC with laprorad varolon. Required new plunking intarfaeaa. ' 
a Ellnlnatad vacuus puap (ima needed for NGM operation only), 
a Upgraded alr/watar aeraan aaparator. 
a Refurbished Sabatier eondansar/ aaparator (US2). 
a Referenced accuaulator VA2 to ayatan praaaura. 

a Added Inlet and outlet valvaa to BDCM proeaaa air ducting to laolata 
nodule during dark cycle of cyclic operation. 
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AKX-1 Coatrol/Monitor InttroMntatlon 

Tb« C/M I r«qttlr«4 to oporoto tho ABX*1 with total outoaatic ono-button startup 
button capability la abown la Plgura 10. This unit contains tha follotrinf: 
powar tuppliaa* alfnal conditioning cards for all syataa atnaora and actuator 
driver rolaya* power sharing electronics for operating tne SWBM and EDCM 
together or separatelj^nlnlcoaputert CSX screen and controller • a dedicated 
keyboard and all software to provide for process control* fault detection and 
■ode transition capability. Table 5 swMarlaea the C/M I physical 
characteristics as well as those of the M/EA. 

C/M 1 Hardware 


Several laprovenents and upgrades were nade to the C/M I hardware. These are 
Identified in Table 6. The analog to digital (A/D) and the A/D expander 
boards were each replaced with an upgraded A/D board that Life Systeae hed 
develop for its Series lOOA inst rwsn tation. A water electrolysis current 
sluitdowa relay was added to prevent potentially full current flow to the 
SFHBf caused by a failure of the EDCM/SfUEM current controller card. Signal 
conditioning for the 3-FPC pressure sensors was upgraded along with replace- 
■ant of actual sensors. Wiring was added to interface the Data Acquisition 
and Seduction Systea (DABS) with the C/M I and the TSA paraastric display for 
selected sensors. The replaceasnt of the A/D boards and other upgrades 
iaproved the reliability of the C/M I to the extent that during the testing no 
failures of the C/M 1 hardware (or software) caused test interruptions. 

In addition* the capability for cyclic .peratlon was added as shown in the 
block diagraa of Figure 11. A square wave tiaing signal (54 win on/36 ain 
off) was generated by the internal coeputer clock and outputted through the 
A/D board to the Cyclic Testing Controller. This device provided cycle 
indication (light or dark)* sK>de selection (light* dark or autoaatlc) and 
override capability. In the autoaatlc node* the tiaing signal was sent to the 
"Noraal** and Standby" front panel switches and siaulated pressing of the 
switches. The actual initiation of the light/dark cycle and the transitions 
were handled through software. 

Isolation of the EDCM to process air during the dark period was iapleaented by 
aotor-drlven isolation valves. TWo aotors* for inlet and outlet* were used. 
Existing lelay drivers (designated V32 to 35) were used to actuate the aotors 
through an actuator relay osseebly. Four drivers were required to iapleaent 
direction reversal (open and close) of the aotors. 

C/M I Software 

Several of the software routines of the ARX-1 C.M I software were aodifled in 
order: (1) to increase reliability* (2) to Incorporate peraanently changes 
that had been node to the software during prior prograu and (3) to add new 
capability. Appendix 1 is a listing of the ABX*-1 software aodules and gives a 
suasnry of those that were aodifled. 

In addition* one net •oltwere aodule (naaed CYCLIC) was created. This aodule 
provided for alternating between "noraal" and "standby" aodes representative 
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System Status 
Summary Display 


Operating Mode 
Control and Display 


System 

Message Display 


Manual Override 
Status Display 




Operator Command 
Keyboard 


130 cm 
(51 in) 


Manual Overrides 
(Behind Panel) 




81 cm 
(32 In) 


53 


cm 


In) 
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FIGURE 10 ARX-1 C/M I 
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TABLE S ABE-1 PHYSICAL CHABACTEBIST1C8 SOIfABT 


Ckaraetcrlstle 

M/E ▲ 

mi 

kf (IB) 

14A 

(316) 

118 

(260) 

Sls*» ca (in) 





■eight 

117 

(46) 

155 

(61) 

Vidth 

76 

(30) 

53 

(21) 

Depth 

102 

(40) 

81 

(32) 

?oluM. (fth 

0.91 

(32) 

0.57 

(20) 

Power, V 

800 


525 
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TAILS 6 AU-1 C/M I BAIDirABE MODIFICATIONS 


• Rtplacad A/D and A/D Bxpaadar Boards with two upgradad A/D Boards. 

a Installad SlfflM cvrrant slnitdoim ralay. 

a Raplacad fallad anpllflar on signal conditioning Card 6 for T016. 

a Baplaead fallad thamal rafaranca Junction for T016. 

a Baplaead two polsa width nodulatlon (FIM) chips on BDQf/STWEM currant 
controller. 

a Changad signal conditioning to aceosBodata 3-FPC prassura signals (POlO, 
P013» P014). 

a Added wiring to Intarfaca DABS with C/M I (for call uoltagas) and with 
TSA Paranetrlc Data Display (for tanpara turns t prassura* flows). 

a Baplaead fallad prassura sansor (P013) and nodlflad signal conditioning 
to Incraasa gain. 

a Baplaead fallad panal natar (In TSA) for SFVEM call volti^a. 
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FIGURE 11 BLOCK DIAGRAM OF CYCLIC TESTING IMPLEMENTATION 



of the 56/34 Bln llght/d«rk cycl* oporation. Alchough this aodula runt 
continuoualyt It la only anablad whan a hardwara twitch it activated. Gantrally» 
the ARX-1 wat tranaitioned from unpowered node to thutdown and then tranai- 
tioned to noroal. After obaerving the perfocBance over tone length of tine* 
cyclic operation was then selected. Trantltlont between noraal and standby 
were then autonatically initiated. The actual transitions are given in 
Appendix 2 . 


TEST SUPPORT ACCESSORIES DEVELOniEMT 


The existing TSA of the ARX-1 were refurbished, Bodified or upgraded to 
acconnodate the testing objectives of the program. Additional capability was 
added to facilitate the specific testing that was required by the prograa. A 
block diagram of the total TSA supporting testing of the one person ARS with 
its C/M I is shown in Figure 12. Some of the TSA hardware was developed as 
part of this program. Other hardware was provided fr«i prior programs and 
modified. The hardware identified as supply" remained intact 

during the test program but was not used. ^The high N. pressure supply, 
coolant supply unit, water source, vent/vacuum sourcef fluids supply unit, air, 
supply unit and its control, DC power supply unit and parametric data display 
remained as previously developed or had slight modifications. New or 
additional capability included the PCO 2 and dew point controls and the DARS. 

The following subsections deacribe the^key components of the ARX-1 TSA with 
emphasis on those that were upgraded or developed. 

Air Supply 

The Air Supply Unit (ASU) for the ARX-1 is a closed loop air conditioning 
system designed to simulate the various air temperature, gas composition and 
humidity conditions projected to be encountered in a spacecraft cabin. The 
ASU was used to supply process air to the ARX-1. It also Interfaces with the 
fluids supply unit and, with the controls described below, was used to 
establish the process air conditions required for the program's testing. 

The principal components of the ASU are pictured in Figure 13. Its design 
specifications are listed in Table 7. Air flow is established by a constant 
speed blower and the settings.for the flow.control valves. While the total 
circulation can be up to 17 m'^/min (600 ft'^/min) , it is possible to draw 
off a desired quantity of process air. For the ARX-1, this was 2.8 m'^/mln 
(100 ft”* /min). 

Aside from the sensors, all instrumentation is housed in the ASU control/moni- 
tor cabinet pictured in Figure 14. This unit includes the controls to operate 
the blower, water pump and heater; the instrumentation and sensors to monitor 
and control temperature, pressure, humidity, CO. and 0. levels and the 
capability to calibrate the instruments. In sdoition, ^shutdown capability 
both within the ASU and to and from the ARX-1 exists. The shutdown parame;ers 
are dry bulb and dew point temperature, air flow, H. concentration and an 
externally generated signal from the ARX-1. During^ the testing, this signal 
indicates shutdown whenever the ARX-1 was not in "noraal." There is also a 
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FIGURE 12 TSA BLOCK DIAGRAM 



Condensing 



FIGURE 13 AIR SUPPLY UNIT 



TABLE 7 ASU DESIGN SPECIFICATIONS 


Crtir Sis* 

Proe*ss«d Air . 

Flow Rst** ■'’/win (cfa) 

Dow Point Bang** E (P) 

Dry Bulb E*ng*« K (F) 

Bualdlty Kang** X 

Condensing Heat Exchttgar 

Heat Renoval Cagaelty* kJ/s (Btn/h) 
Effectlwenass 

Coolant . 

Flow Rate, da'^/s (gpa) 

Teigieratttre, K* (F) 

Syetea Pressure 

Noalnal, kPa (psla) 

Deviation, kPa (In H 2 O) 

Nominal Gas Composition, kPa (am Hg) 


Physical 

Air Processor 

Size, HzDxH, a (ft) 

3 3 

Envelope Volume, a (ft ) 
Height, kg (lb) 

Power, V 

Control and Monitor Cabinet 
Size, HxDsB, a (ft) 

3 3 

Envelope Volume, a (ft ) 
Weight, kg (lb) 

Power, V 
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8 Max. 


0 to 17.0 (0 to 600) 

279 to 301 (42.5 to 82) 
279 to 302 (42.5 to 85) 
26 to 100 


6.0 (20,500) 
0.905 


0.4 (6) 
277 (40) 


101 (14.7) 
10.74 (13) 


21.3 (160) 

0 to 0.93 (0 to 7) 
0.76 (5.7) 

Makeup 


3.4 X 0.91 X 1.8 
(11.0 X 3.0 X 6.0) 
5.7 (200) 

270 (600) 

6,500 


0.55 X 0.67 X 1.8 
(1.8 X 2.2 X 6.0) 
0.65 (23) 

114 (250) 

1,000 


TTfwrrr 


OWQINAL page 18 
OF POOR QUALITY 


Air Processor 
Controls 


Shutdown 
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FIGURE 14 ASU CONTROL AND MONITOR INSTRUMENTATION 
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•hutdown •IgMl gtiMrdttd by th« A8U wfai^» if Mn**d by th« AIX-1* ««ould 
Inltlat* « thutdoim nagoMC* in nspottM to tbo A80 boing ohutdoim. Using 
ovsrrldss. ths A8U snd tho AU-1 ton bo ootablirtMd in **Monsl'' and thtn tho 
ovorridas rssovod. 

Modifications to tha ASD aada ondar tba progran inelndadt (a) Intarnal 
raviring of tha control cabinat* (b) ranoval of tba pCO, and haat axcbangar 
divartar valva controla for inatallation in thair ora anclosuras. (c) rawirlng 
of tha procaas air haatar for graatar canparacnra ranga and (d) raplacanant of 
its powar circuit braakaro/ralays which rarglnally handled tha loads. 

Tha ASU tsat or axcaadad all of its design opacifications throughout tha entire 
AIX-1 tastily. Tha ASU has operated in axcaaa of 15*000 h in support of this 
and prior tasting. 


PCO 2 Controller 

An autonatic pCO, cratrollar was designed* fabricated* installed and inter- 
faced with tha This unit pernittad autonatic reproducible variations of 

tha pCO, of tha process air supplied to tha AIX-1. The PCO 2 controller is 
shown in Figure IS. 

A block diagrsa of tha PCO 2 controller is shown in Figure 16. A 24-hr cycle 
of desired pCO, level is stored in a prograanabla read only aasnry (PKM). 

This cycle corresponds to a typical crew work/ sleep cycle. At selected 
intervals (approxinataly 5.6 ain) a clock incraarats tha counter and a new 
level is outputted. Tha output value is coaparad to a neasurad value and a 
series of three solenoid valves introduce aora or less CO 2 into tha ASU air 
streaa. The anpHtuda of tha resulting profile will depend on the settings of 
the valves. A range of 0-5 aa Bg PCO 2 can be achieved. During tha tasting of 
the ARX-1 the profile shown in Figora^l? was used. The PCO 2 controller also 
had a front panel switch which paralttad aanual operation in which case a 
desired level could be achieved through a dial potantioaater setting. This 
capability was used during periods when a constant pCO. to the AIX-1 was 
desired. 


Dew Point Controller 

During periods of high crew activity both the PCO 2 and dew point (or rela- 
tive hualdity) of a spacecraft cabin will increase. Tne capability to slwu- 
late this behavior in the ASU was atxonplished with a dew point controller. 

This dew point controller* shown in Figure 18* operated in a siailar Banner as 
the pCO. controller described above. It also had an autonatic and aanual 
node. During the aanual node the desired dew point could be selected and 
fixed. In the autonatic node* a 24-h profile for spacecraft dew point was 
generated. The output of the dew point controller operated e diverter valve 
which set the teaperature of the cculant passing through the ASU heat exchanger. 
The air outlet of the heat exchangtr is nearly saturated at lOOX hualdity and 
therefore the dew point of the procwss air is very near the coolant tenpera- 
ture in the heat exchanger. The dew point levels were varied froa 281 X (47 
F) to 294 K (65 F) in a 24-h profile which was assuaed siailar to the 
PCO 2 profile. 
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FIGURE 15 pC02 CONTROLLER 





Stored CO5 rrofile 
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FIGOIE 16 BLOCK DUGBAM. VARIABLE pGO, COHTROLLBR ELBCTROHICS 




nCDIB 17 SIMDLATBD CABIM p002 PMXPILB QSHV pO>2 









Coolant Control 


Variations in spacacraft coolant are nonally expected to change on an orbital 
basis as opposed to being related to crew activity or function. Speclficallyt 
for a low earth orbiting spacecraft the alternating lightslde/darkside exposure 
to the sun will iapact the spacecraft Iwat exchanger, change the heat loads 
and vary the heat rejection capacity of the spacecraft coolant. Therefore, 
slnulatlons of coolant changes were acconplished by changing the tei^rature 
of the coolant source supplied to the ASX-1 (and its various coi^onents) on a 
96 ain basis. The coolant teaperatures ranged froa 280 K (44 F) for the 
darkside to 290 K (62 F) for the llghtside. 

Data Acquisition and Reduction Systea 

The capability for autoaatic, unattended data collection during testing was 
Incorporated into the existing ASX-1 systea. A block diagraa of the arrsnge- 
aent is shown in Figure 19. The added coaponent is the DARS tfhlch is shown in 
Figure 20. This unit peraltted autoaatic recording of ARX-1 paraaeters at a 
predeterained frequency, typically every five alnutes. A total of 31 analog 
signals were connected froa the existing TSA paraaetric data display to the 
DARS. These Included all cell voltages and k^ traperatures. pressures and 
flows (see Table 8). The DARS was shared in the laboratory with another 
sub systea under test and as such %ms not dedicated solely to the ARX-1. 

However, a scheae for tiae sharing its usage was iapleaented. 

SYSTEM TESTING 

Testing of the ARX-1 was conducted in two aain categories - continuous and 
cyclic operation. Under the continuous operation various paraaetric testing 
was also accogq>lished. An overview of the testing that was accoaplishcd under 
the subject program is shown in Table 9. Shown is the testing broken into the 
two aain categories, the types of test and the duration of each test. 

A total of 1.350 h of testing (56 d) was accuaulated during the prograa. 

These hours refer to the systea operating as a total integrated unit with all 
coaponents operating after a successful one-button autoaatic startup. This 
means operation in the Normal mode and excludes the time required for the 
transitions Shutdown to Normal and Normal to Shutdown. These transitions 
typically require 0.5 h each and primarily involve the pressurization and 
depressurization of the Static Feed Hater Electrolysis Module (SFWEM) . To 
this should be added approximately 500 h of prior integrated operation for 
total Integrated operation of the ARX-1 since its fabrication was completed of 
almost 2.000 h. This Indeed is a remarkable record for this systea. 

The following two sections discuss the parametric and cyclic testing results. 
These are followed by observations aade on the overall ARX-1 developaent 
prograa including experiences gained. 

Paraaetric Testing 

A total of 976 h of Integrated operation in the Normal mode was achieved 
during the paraaetric testing of the system. 
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FIGURE 20 DATA ACQUISITION AND REDUCTION SYSTEM 
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TOLE 8 ASX-1 PAKAMETERS RECOSDED BY BARS 


S«iisor Cod« 

SSa. 

Description 

El - E6 

6 

EDCM Cell Voltages 

E7 - E18 

12 

SPIIBf Cell Voltages 

11 

1 

EDCM Current 

12 

1 

SIMM Current 

T4 

1 

CECS Air Outlet Te^terature 

T8 

1 

BKM Process Air Inlet Teaperature 

Til 

1 

BMM Process Air Outlet Temperature 

T14 

1 

Sabatter Reactor Temperature 

PI 

1 

EDCM ^ Inlet Pressure 

P2 

1 

nXM ^/CO. Outlet Pressure 

Pll 

1 

SIMM 0. Pressure 

P12 

1 

SIMM rC Pressure 

Ql 

1 

CBCS Aif Flow Rate 

Q2 

1 

BXM Process Air Flow Rate 

Q3 

_1 

'5T' 

SIHEM H 2 Flow Rate 
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TABLE 9 ARX-1 TESTING OVEBVIEN 


Duration, 


Description 

Per Test 

Cumulative 

A. Parametric 

Checkout 

9.8 

9.8 

Normal 

118.5 

128.3 

Variable pC02 

387.5 

515.8 

Variable Dew Point Temperature 

196 

711.8 

Variable Coolant Tnq^rature 

264 

975.8 

B. Cyclic 

Checkout 

36 

1011.8 

Cyclic 

342.4^**^ 

1354.2 


(a) Operation in Normal mode, or in the case of Cyclic Testing. Normal and 
Standby. 

(b) Total of 206 cycles each of 5A min llght/36 min dark duration. 
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Figures ;21 through 25 show the oversll systsu sad subsyttsa psrforaaacss 
throughcit the psrsastric tsstlag period. Generally* data points were taken 
on a daily basis. For those paraaetric teste which incurred variation on a 
auch larger frequency* say a coapleta cycle per 24 h* separate data was taken 
to aonltor those coq>onants whose perforaances were Impacted by this aode of 
operation. These figures indicate overall perforaanca based on the data 
points which show the systea status "snapshot" taken at the tiaes shown. 
Therefore, the curves include all of the continuous operation data Including 
checkout* noraal operation and the three paraaetric tests. They will be 
discussed first. 

The overall systea perforaance is shown in Figure 21. It is seen that the 
ARX-1 reaoved C0« near the one-person level and generated O 2 above the 
design level. The less than one-person CO. reaoval perforunce is discussed 
below. The net 0. generated is the 0. generated by the SFHEM less thet 
required for the CO, reaoval function. The curve for net water recovered is 
the algebraic total^of the water chat is (1) reaoved by the CHCS froa the 
siaulated cabin atansphere* (2) reaoved by the S-CRS condenser/ separator and 
(3) supplied to the SFWEM. Since the first factor is dependent on the dew 
point of the process air into CHCS and the teaperature of the coolant to the 
heat exchanger* that nuaber can soaetlaes be saall and* in fact* zero. 

Therefore* the net water recovered nay be negative for certain data points 
reflecting real world operation. 

While Figure 21 presents the perforaance of the overall ARX-1 systea* indivi- 
dual subsysten perforaances for the SFWEM* EDCM* S-CRS* CHCS are given in 
Figures 22 through 25* respectively. The SFWEM (Figure 22) operated near its 
noainal design point temperature of 339 K (150 F) except for a 200 h period* 
as indicated* during which it operated at 355 K (180 F). It was during this 
period that the subsystem experienced a loss of coolant and the SFWEM was 
allowed to reach an equilibrium te^>erature of 355 K (180 F). As expected* 
the average cell voltage* and hence power consuoption* decreased approxiaately 
5.4 aV/K (3 nV/F) 22 W during this period* which was expected. 

The EDCM perforaance shown in Figure 23 Illustrated good cell voltage but 
slightly less CO, reaoval rate than design (1.0 kg/d). This was attributed 
to the poor perforaance of one of the cells specifically* Cell No. 6. It was 
found during the testing that the SK>dule was suffering electrolyte labalance 
due to air flow aaldistributlons. The aaldistrlbutiona were a direct effect 
of the physical construction of the inlet and outlet ducts. During the 
testing this condition was rectified by added turning vanes in the inlet and 
outlet aanlfolds. These steps corrected the air flow distribution through 
Cell No. 6* but did not pennlt full recovery to design operations. The aodule 
was recharged prior to the cyclic testing which restored its perforaance. 

The Sebatier reactor perforaance data of Figure 24 shows variations of H, and 
CO, conversion efficiency froa 32Z to 74Z and 64Z to 114Z. It should be^noted 
that these data are calculated froa three measured parameters - inlet CO 2 concen- 
tration* inlet H,/C 02 flow rate and outlet flow rate - through a set of ^ 
equations. These equations are sensitive to the aeasured parameters and in 
sosa cases can yield efficiencies greater than lOOZ. The CO 2 conversion 
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FIGURE 21 SYSTEM PERFORMANCE 




FIGURE 22 SFVEM PERFORMANCE 
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FIGURE 23 EDCM PERFORMANCE 
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FIGURE 24 SABATIER REACTOR PERFORMANCE 



FIGURE 25 CHCS PERFORMANCE 






tfficltnsy Tm« s«Mrally b«c«r««n 80 and 90 parcant. Sinca tha taatlnt waa 
condttctad vith axeaaa B, (to anaura high 00* convaraion), tha R, eonvaralon 
affleiney Ma laaa than lOOXt •• axpactad* 

Flgura 25 ahowa tha CHC8 parfotiMnca. Tha avaraga watar raaoval rata waa 
approxlaataly 3.0 kg/d (6.6 Ih/d) throu^tout tha taatli^. Whan tha 
raquiranant for tha SfWBI of 1.95 hg/d (4.3 Ih/d) la aohtractad and tha watar 
collactad fron tha Sahatlar eondanaar/aaparator (avaraga 0.48 kg/d 
(1.06 Ih/d)) la addad to thla valua« It la aaan that tha ASX-1 aeeuaulataa 
watar. Thla la ganarally trua ovar tha ranga of Inlat Inmldlty condlclona and 
coolant tanparatnraa covarad hy tha taatlng. Howavar» aa aaan In Figure 25* 
thera ara parloda (at 650 and 900 h) whan tha watar raaovad la near aaro. 

Thla la due in tha flrat case (at 650 h) to low Inlat daw point and In the 
aaeimd case (at 900 h) to high coolant taa^aratura. Both factors liq>act 
perfomance of tha CHC8 hast axehangar aa axpactad. 

Cyclic Taatlng 

Cyclic tasting was conduetad for a total of 380 h (16 d) and Ineludad 206 
cyclas aach of which conalatad of 54 nln ratas Nomal (light) oparatlon and 
36 Bln Standby (dark) oparatlon. 

Tai^eratura hahavlor of tha thraa najor eoaponanta (EDCM* SFWEM* Sahatlar 
reactor) axpactad to change during cyclic operation la shown In Figure 26. 

Shown la tha transition to Standby starting at tlaa aaro. The transition 
takes about 40 a. Then 40 nln later* the sysCM was transitioned to Nornal. 

The Standby to Hocaal transition requires approxlaately 2.2 nln during which 
the three events Identified in Figure 26 occur. The SFWEM current la set to 
one half Its norasl value to allow the Three-Fluids Pressure Controller 
(3-FPC) pressure regulators (idilch have been frosen during Standby) to react. 
After one alnute the currant la sec to Its full value (19 A). After another 
minute* full currant la appllad to tha EDCM. Tha coi^onenc tanperature 
profiles shown are tha rasulclng dynanlc rasponsas. The Sabatier reactor 
response la due to tha Infusion of raactants and not tha reactivation of Its 
tenperature control boater - It la not turned off during Standby. The drop 
was only 11 K (20 F) corresponding to approx^Mtely a 6 W heat loss* an 
Insignificant aaount. 

The following observations were also aade during the cyclic transitions: 

SFWBI Oparatlon 

Tha SFWM taaparatura In HoxbsI oparatlon was 339 K (150 F)* and fall only 
1.2 K (2.2 F^ after 40 nln In Standby. Thla la aa Insignificant aaount. 

In going froa Standby back to the Roraal operating node* little effect on cell 
volt^ea was axparlanced eoaparwd to the prior noraal value. This la prlaarlly 
due to tha taaparatura raaalnlng aaaantlally constant. Tha 12 call voltages 
ranged froa 1.63 V to 1.71 V in Roraal and droned to 1.29 to 1.35 V after 
40 Bin In Standby and than ratumad to the previous range. 
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FIGURE 26 CryCLIC OPERATION TEMPERATURE PERFORMANCE 



Th« 3-FPC R.-tp'^ystca AP VM 17.2 k?a (2.49 ptld) in NotmI. This fell to 
s low of 6.7 kPs (d.97 psld) dot to tom R^/O. rscoabinstioa but Mostly 
Isskags throttfh tbs rst^tor idiieh «ss frosdi. This vslos rsboondsd to 
15.0 kPs (2.18 psid) sftsr 4C min in Standby. Ths O.-to-systan AP fall fron 
22.4 kPa 3*25 paid) to 14.5 kPa (2.10 paid) and rac^arad to 19.3 kPa 
(2.80 paid) aftar 40 nln. Tha racovaxy of both is dua to tha snail anoant of 
N, availabla fron pvrta vnlvaa which ara opanad during StMdby. Thasa drops 
in prassura wara as axpactad. 

EDCM Oparation 

Tha EDCM aodula tanparatura was 298 K (77.8 P) in nomal oparation* and fell 
aftar 40 nln In Standby to 294 K (69.6 F). A key observation was tha behavior 
of the EDCM call voltages for 10 to 20 nln aftar returning to Momal. This 
was directly correlated to EDCM tenparature. It was found early in the 
testing that tha aodula cooled too nuch during Standby. Thera wara three 
reasons for this: (1) Obviously, without current no heat is generated, (2) the 
botton cells ara p^sically closa to tha bypassed process air and are cooled 
convectively snd (3) the nodule taaperatura control was initially disabled 
during Standby* Aa lattar was done to prevent tha coolant loop diverter 
valve fron transgressing too far fron its nomal position. However, if sona 
coolant is going to tte llquid/liquld heat exchanger, which exchanges with the 
systen coolant source this situation will avantually cool tha nodule. 
Therefore, the software was chsngad to keep tha nodule tenparature control 
loop active during Standby. The resulting tenparature drop was than only 24 K 
(4.3 F) over the first seven nlnutes idiich represents the themal lag of tha 
nodule. 

The R^ backpressure on the EDCM nodule controlled by a regulator downstrean 
of the Sabatier reactor fell only 1.0 kPa (0.15 paid) fron a value of 134 kPa 
(19.4 psla) after 40 nin in Standby. This was an insignificant anount and 
denonstrates the value of having sane purge during Standby. 

Sabatier Reactor Oparation 

The Sabatier outlet flow rate and parcant^e of CO. EDCM anode 

exhaust ware ssmitored. Figure 27 shows typical behavior of Che Sabatier 
exhaust flow rata plotted fron data taken during the transition fron Standby 
to Homal. The curve shows three distinct regions of behavior: (1) an 

initial high pe^ (0 to 2 nin), (2) a plateau (2 to 5 sdn) and (3) a decrease 
to about 600 ar/mla after 5 nln. Thasa ara explained as follows: 

1. During Standby the SPHEM purge valves are opened to naintain ade- 
quate flow to tha 3-PK for differential prassura control. The flow 
rate (less than 20 cn^/nln) is that required to naintain gas pres- 
sure ^a to H 2 and O 2 raconiblnatlon and leakage throuf^ tha 3-FPC 
valve seats. 

2. For tha first 2 nin of tha transition fron Standby to Momal the 
purge valves renaln open. Also during this tine tha SIH^ is 
increasing currant. The increased flow rate (to 2,000 cn'^/nln) is 
due to R^ production of the SFHEH. 
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FIGURE 27 SABATIER OUTLET FLOWRATE AFTER TRANSITION FROM 

DARK TO LIGHT 




3. After 2 sin the EDCM current control vee enabled and the purge 
valvea cloaed. It tiaa at this tine that the electrochemical reaction 
of the EDCM conwmea H. and starts increasii^ the percentage of 

CO, in the anode exhaust gas through the Sabatier. The volumetric 
flow rate decreases. 

4. From 2 to 4 min the Sabatier reactor ia being flushed of residual 
gases by the reactants ^ and CO,. This is the plateau region. 

The CO, mixture in the ElXIf anode exhaust is increased to a 
stoichiometric mixture and the reaction starts. 

5. As the reaction becomes more efficient* the volumetric (molar) 
reduction of four H, and one CO, molecules to one CB. molecule is 
seen. The gradual rise in flow^rate after 20 min is'probably due to 
the reactants mixture being further from stoichiometric for the 
particular data point that was recorded. 

An important conclusion is that the reactor does not resp<md instantly to the 
entry of reactants even though the reactor is at toqierature. Some flushing 
with reactants is required. It is assumed that a reactor slsed for Just one 
person (the ASX-l reactor can handle op to three persons) would have less of a 
reaction startup delay* probably 1 or 2 min instead of the 6 min observed. 

ECLSS AUTOMATED C/M I 0)NCEPTS 

A key functional aspect of the future Space Station will be the use of advanced 
concepts for auton<UK>us operation and Independency of ground support personnel 
for day-to-day operation of the Space Station. Hew concepts of local and 
hierarchial control will be required. It was the purpose of a separate task 
of this program to look at the evolution of C/M I concepts in the context of 
totally automated control as applied to the ECLSS for Space Station. 

(14) 

The results of this task are documented in a separate report. The 

following sunsmrlses the key findings. 

C/M I Requirements 

It is expected that the C/M I for the ECLSS will have ovex 70 control func- 
tions which the hardware and/or software must accMsmodate. They will emulate 
conventional hardware devices such as proportional* integral or differential 
(FID) controllers* adders* subtractors* d^amic lead-log coi^ensators* etc. 
Table 10 identifies these functions. It is felt that some advanced functions 
(e.g., adaptive PID control* constraint polynomials* etc.) will only be 
possible because the increasing capability of microcomputers. All of these 
functions siust be accommodated by the C/M I. However* the decision as to 
where these functions will be accnmssidated will be detetmlned by the archi- 
tectural design of the entire Space Station C/M I structure. For exaqile* 
signal conditioning and localised control of a subsystem would be appropriate 
to be handled by a subsystem controller. Data atorage and retrieval would be 
more appropriately handled by a higher level* centralized* archival storage 
facility which would be shared among several systems. Table 11 shows some 
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TABLE 10 SPACE STATION C/M 1 CONTROL FUNCTIONS 


A. INPUT CHARACTERIZATION B. LOOP CONFIGURATION - continued 


Analog Inputs 

Analog Input Conversion 
TransBitter Alarm Output 
Fall>>Back Alara Output 
Totalise Input 
T/CoRTD Input Conversion 

Discrete Inputs 

Noraal Contact Status 
Status Alarm Output 

B. LOOP CONFIGURATION 

Link Functions 

Load (specified signal) 

Char. Analog Input 
Temperature Comp. (Gas Measure) 
Input Signal Switch 
Character Discrete Input 

PID Functions 

PID Basic Controller 

PID Ratio 

PID Auto-Ratio 

PID Auto-Bias 

PID Cascade 

PID Gap 

Adaptive FID Parameters 
Keyboard PID Parameters 
Manual Station 
External Output Tracking 

Mach Functions 
Multiply 
Divide 

Summation (Bias) 

Difference 
Square Root 
Square 

Absolute Value 

Logarithm 
Exponential 
Polynominal 
Tlsie Averaging 


Limit Functions 
Low Select 
High Select 
Low Limit 
High Limit 
Constraint 

Transfer on Discrete 
Transfer on Analog Level 

Dynamic Functions 
Lead/Lag 
Dead Time 
Velocity Limit 
Totalise 

Special PID Functions 
PID Incremental 

Batch Functions 

Transfer on Signal Value 
Time-based Signal Transfer 
Transfer on Discrete Status 
Time-based Discrete Transfer 
Unconditional Signal Transfer 
Mode-based Signal Transfer 
Mode-based Discrete Status 

Logic Functions 
And 
Or 

Invert 

Latch 

Timer (discrete) 

Standard Discrete Output 
Virtual Discrete Access 
Counter 

Miscellaneous Functions 
Loop Mode Select 

Value Display 
Mode Select Interlock 
Mode Selection 
Oscillation Monitor 
Look-up Table 


continued- 


Table 10 - continued 


C. OUTPUT CBABACTERIZAXIOM 

Output Funetlone 

Uneond. Analot Output 
Analog Out^t (Valve) 
Digital Output (Valve) 
Uneond. Discrete Output 
Digital Valve 

Special Output Funetlone 
Start*>Stop Output 
Optional Discrete Output 

Alam Outputs 

Signal Alam Output 
Dev. Alam Output 
PV Alam Output 
Rate Alam Output 

D. CONTROLLER TEST OUTPUT 

Self-Teat Alam Output 
Coan. Alam Output 

E. STORE FUNCTIONS 

Signal Scaling & Store 
Signal Scaling & Trend 
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TABLE 11 EXAMPLES OF SPECIFIC PROCESS CONTROLS 


• Relatlv* humidity internal to the EDCM by 
controlling coolant temperature 

e EDC module current 

e Sabatier reactor temperature 

e Sabatier reactor cooling air flow 

e CO 2 reduction water accumulator emptying 

e Water electrolysis module temperature 

e Water electrolysis module current 

e Water electrolysis system pressure 

e Water supply tank refilling 

e Tr<:msitlon sequencing 


specific esudidats control functions nsadad for the ARS which would be incor> 
poratad at the subsysten controller level. 

In order to establish a bound on C/M 1 requiremntSt those for various ARS 
subsysteus were established. These are shown in Table 12. Of key inportance 
ia the identification of the nuuber of subsysteu signal Inputs and outputs 
(both analog and digital and the resulting requlrenents for signal 
conditioning). This listing assuued a selaeted technique or piece of hardware 
for a particular function (e.g.» CO^ rea»val by the EDC). The C/M I 
requlrnaents determined by this table should be applicable* in a general way* 
to any selected approach. 


C/M I Performance Goals 

It was assumed that subsystem controllers* of a similar generic design would 
exist at the lowest functional level. For an integratad ARS there would be 
one controller. A distributed ARS approach would require three or four. For 
an integrated ECLSS approach* perhaps four or five. Each controller would 
handle signal conditioning and localised control and monitoring. Higher level 
functions* including data storage* conaunicationa* supervisorial control and 
fault diagnostics would be handled by higher level controllers. Under this 
premise* the goals for this generic lower level controller were established 
and are given in Table 13. 


ARS DESIGN FOR SPACE STATION 

The ARS for the Space Station Is presently being defined by NASA and its 
contractors. Competing subsystem technologies are being evaluated by both 
analysis and test. Based on the approach taken under this program for a 
regenerative ARS* a preliminary design for a Space. Station ARS has been 
prepared. It is documented in a separate report.^ ^ 

The requirements for the ARS as part of the Space Station ECLSS are sunmarited 
in Table 14.^ ^ The fail*K>perational crlterium provides the ability to 

sustain a failure and retain full operational capability for aafe mission 
continuation. The 21-day emergency requirements are those acceptable if a 
second* consecutive failure occurs in non-maintainable equipment. It may be* 
however* that the causes specified for acceptance of these should be redefined 
because of the minimum ten year in-orblt life requirement of the Space Station. 
The Space Station will be functionally different than all prior space vehicles 
and careful consideration must be given to acceptable* degraded and emergency 
levels in light of its ten year or more life. These requirements will impact 
the ARS in terms of maintainability and replacement concepts* the degree of 
integration and* of course* the Inherent life and reliability of the major 
components. 

The ARS is projected to be an integrated system eon^rlsed of major and support- 
ing components providing the function of CO, removal* CO, reduction* 0, 
generation* cabin humidity control and water handling, a schematic for such a 
system is shown in Figure 28. A four-person capacity system would be 
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TABLE 12 C/M I REQUIllEMENTS FOR ARS SL'BSYSTBMS 


Subsyf 

Intagrated 


RequlrcMnt 

ARS 

EDC 

S-CRS 

OGS 

NSS 

Pomr Supply 

Voltage* VDC 

28 

28 

28 

28 

28 

Output Voltages* VDC 

+5 

X 

X 

X 

X 

X 

tl5 

X 

X 

X 

X 

X 

•^28 

X 

X 

X 

X 

X 

Signal Inputs/Outputs 
Analog Inputs 

Call Voltages (-0.5 to 2.5 V) 

18 

6 

— 

6 

— 

Hl-level (-3 to 10 V) 

32 

17 

3 

7 

5 

Lo-level (0 to 100 aV) 

16 

5 

4 

6 

6 

Tberaistor/RTD 

9 

4 


2 


75 





Total 

32 

7 

21 

11 

Digital Inputs 

Front Panel 

6 

4 

4 

6 

4 

External 

2 

2 

2 

2 

3 

Subsystem 

8 

2 

5 

8 

8 

Total 

1^ 

8 

11 

16 

15 

Analog Outputs (0-5 V) 

7 

3 

2 

2 


Digital Outputs 

Front Panel 

9 

9 

8 

9 

9 

External 

2 

2 

A- 

2 

2 

Subsystea 

15 

4 

6 

13 

12 

Total 

26 

15 

16 

24 

23 

Signal Conditioning Cards 

Pressure 

4 

1 

1 

2 

2 

Teaperature 

5 

3 

2 

2 

2 

Flow 

1 

1 

1 

— 

-- - 

Speed 

1 

— 

— 

— 

— 

Cell Voltages 

5 

2 

— 

2 


Controllers 

3 

2 

1 

2 

1 

Drivers 

1 

1 

1 

2 

1 

Built-in Diagnostics 

1 

1 

1 

1 

1 

Others (e.g.* LVDT) 

2 

1 









Total 

23 

12 

7 11 

continued- 
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Tftbic 12 - contlnutd 


Sub«yf a 

Integrated 


Requireaent 

ARS 

EDC 

S-CRS 

PCS 

NSS 

Coaputer 
No. Cards 

9 

9 

8 

8 

8 

No. Control Loops 

9 

2 

1 

4 

3 

Meaory Slsst R Bytes 

36 

20 

12 

20 

16 

EPR(»1 

24 

12 

8 

12 

12 

RAN 

12 

8 

4 

8 

4 

Physical 

Connector (Pin No.) 
Power 

7 

5 

3 

3 

5 

Actuators/Outputs 

57 

25 

16 

30 

30 

Sensor/ Inputs 

160 

80 

25 

50 

25 

External 1/0 

7 

7 

7 

7 

7 

CoHKinlcatlon Link 

25 

25 

25 

25 

25 

Size, in 

H 

7.4 

7.4 

7.4 

7.4 

7.4 

W 

19.0 

15.3 

15.3 

15.3 

15.3 

D 

15.6 

15.6 

16.6 

15.6 

15.6 

Weight, lb 

40 

30.5 

27 

30 

28 


TABLE 13 PRELIMINARY SUBSYSTEM CONTROLLER GOALS 


PTfonumc* Coali 


1. 

Varaup Tlae 

2. 

Sensor Saaple Frequency 

3. 

Sensor Input Slgnel 
No. 

Level 

4. 

Aetuetor Output Signal 
No. 

Level 

5. 

Signal Conditioning 
Repeatability 
Linearity 
Accuracy 
Drift 

Response TlBe 

6. 

CooBunicatlon Link Data 
Transfer Rate 

7. 

Interferences 

Operation 

Goals 

1. 

Unattended Operation 

2. 

Haraup TIbs 

3. 

Power Type 

4. 

Line Protection 

5. 

Cleanliness 

6. 

Operating Envlronaent 

7. 

Identification and Marking 

8. 

Materials of Construction 

9. 

Non<41etalllc Materials 

10. 

Gravity 

11. 

Nolse/Vlbratlon 

12. 

Cooling 

13. 

Touch TeBperature 

Operatl"^ 

Feature Goals 

1. 

Fail-Operational/Fall-Safe 

2. 

Autoaated Startup, Shutdown 

3. 

Accept CoBBand Inputs 

4. 

TransBlttal of Status 


L«S8 Chan 30 • 
lO/i/aanaor 

50 

0-5 VDC. 0-10 bV. dlscraeo 
10 

0-5 VDC, 5 bA Bax. 

±1Z full scale (PS) 

±1Z FS 
± 2 % FS 

tlX FS over 24 hours 
<1 sec for 90X of FS change 

9,600 baud 

None (e.g., as^ient tcBperaCure, 
vibration, EMI) 


90 days 

Less Chan 30 s 
28 VDC 

Circuit Breaker 

Per RI MAOl 10-301, Level VC 

Teaperature, pressure, relative 

huBldity, per MIL-STD-810B 

Per MIL-STD-130D 

Per NASA NHB 8060.1 and 

SE-4-0006A; RI MC999-0096D 

Per Doc. No. CSD-SS-012 

0-1 G plus launch conditions 

None/None 

Forced Convection 

<322 R (120 F) 


AutoBatlc shutdown 
Electronically controlled 
External Initiation of operating 
Bode transitions and transfer 
of control to alternate unit 
ParaBeters aeasured, operating 
Bode and operating node transi- 
tion underway. 


continued- 


Table 13 - continued 


Operating Feature Goala - continued 


5. 

Autoprotection 

Reject Incorrect cooBanda and 
detect failures In anjor coai- 
ponents - Initiate eutoaatlc 
shutdown 

6. 

Fault laolatlon 

Transalt codes Identifying 
Incorrect coMsnds and con- 
ponent causing shutdown 

7. 

Crew Tine 

Less than 0.5 h/nonth 

Packaging Goala 


1. 

Configuration 

Self-contained* stand-alone 

2. 

Maintainability 

As an LRU with direct access 
(fron top) for LRC’s 

3. 

Weight 

6.8 to.9.1 kg (!S to 20 lb) 
<11 dn-* (<0.4 fO, 

4. 

Voluae 

5. 

Packaging Density 

0.72 to 0.96 kgidn'^ 
(45 to 60 Ib/ff*) 

6. 

Power 

<30 W 

7. 

Nua^er of Line Connections 

4 (2 to Mechanical* 1 Power* 
1 Coaaunlcatlon) 

8. 

Reliability 

0.9999 

9. 

Availability 

99. 9Z of tlae/90 days 

10. 

Shelf Life 

10 years 

11. 

Operating Life 

5 years 

12. 

Structural 

Shock and vibration resistant 
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TABLE 14 ECLSS PERF08HANCE RBQUI 



59 


(b) In no can* ahall relative bualdities exceed the range of 25-^751. 

(c) In no caae ahall the O 2 partial preasure be below 15.9 kPa (2.3 psia)» or the 0. concentration 
exceed 26.92. 


ORKMNAL PAQB If 
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riGUIB 28 AH REVITALIZATION SYSTEM FOR SPACE STATION 








i 


•tandcrd* Additional or backup ARS capability would raqulra additional unlta. 
Nltrogan aupply ia not part of tho ARS aa it would ba traatad aa a apacacraft 
utility and probably ba locatad in an uninhabitable araa. 

Intarfacas of tha AP^ with tha rawalning CCL8S ara ahown in Figura 29. 

Principal intarfacaa will ba with tha craw coapartawnt (cabin air)* water 
raclewatlon (for atoraga/euppl>) and coolant aupply. 

CONCLUSIONS 

Based on the davalopwant and taatlng of tha ARX-1 under thlr and prior prograwa 
the following concluaiona ara drawn: 

1. Tha ARX-1 defined and built aa a breadboard ona>paraon ARS coaplataly 
parfomed ita intandad functiona. Ita autowatic C/M I with Ita 
eoftwara progm pamittad tha goal of autowatle ona>button atartup 
from Shutdown to Noraal operation to be achieved. The principal 
functiona of CO. moval* 0. ganaration* CO. reduction* cabin 
hunidlty control and water Mndllng ware auccaaafully danonatrated. 
Tha overall prograa waa auccaeaful. 

2. Prior predicted behavior of tha integrated ayatew net tha goala that 
ware originally aat^llahad in taraa of raaoval efficiency* conver- 
alon efficiency, etc. The SIVBM net all of ita goala of ■alntaining 
preaai'xe and generating tha proper anounta of H. and 0. when required. 
The EDCM achieved reaoval efflcienciea in the 70 to SOX araa which 
waa daalrad. Sabatier (K),, renoval efficiency waa between 80 end 

90X. The CHCS heat each.' iger ranovad cloaa to lOOX of the water 
available to it for a given procaaa air inlet dew polt.t and coolant 
tanparatura. 

3. Thera were aone problaM encountered during tha taatlng. The water 
handling coeponanta and principally tha CUCS air/ water hydrophd>ic 
acraan aaparator did not work aatiafactorily throughout tha entire 
portion of tha taatiiqt. ^1* on* coaponent that naeda further 
devalopnant. 

4. Overall* tha aiclng tha coaponanta* pluMbing* duct work* check 
valvaa* ragulatora* valvaa orlflcaa (CV) etc. waa proper. Nowhere* 
except in tha araa of tha EDCM inlet ducting* were there indicatlona 
of preaaura buildupa due to flow or naldiatrlbution of flow. 

5. Evan though tha braitdboard ARX-1 had alinlnatad many of tha interface 
valving and other cowponanta* additional alnpliflcation of the 
ayatew can be achieved. Additional interface valving car ba reaovad 
(up to aix valvaa). Preaaura ragulatora inatallad in the ayetn 
which ware of tha nanual type can ba replaced with a -amanant aet 
regulator. Many of the nanual valvaa that were provided for eaae 

of eonponent ranoval or general iaolation can be alinlnatad. 
Fnrthamora* aa other ECLSS technology devalopnant araaa have ahown* 
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FIGURE 29 SPACE STATION ECLSS BLQCK DIAGRAM 













many of tha componanta can ba conblnad Into alactroaachanical 
aaaambliaa which further aimpllflas tha hardware. 

6. Thera are no limiting ARS integration techno logiea. Continued 
improvements in individual components > of course > are desired In 
both the areas of improved performance and in the development of 
flight compatible hardware. 

RECOHNENDATIONS 


The following recomeendations are a direct result of the program's conclusions. 


1. Integration technology of a regenerative ARS has been demonstrated. 

A one-person capacity, experimental, laboratory breadboard ARS 
integrating the functions of CO, remval, CO, reduction, 0, 
generation, humidity control ana water handling and distruutlon 
hardware has been designed, f^ricated, assemblec' and tested. A 
centralized automatic C/M I approach for all ARS ''unctions has been 
implemented. The next step recommended for advam lng the ARS 
technology is to (1) initiate the development of a prototype, 
one-person ARS leading to a flight experiment to be flown aboard 
Shuttle/Spacelab, (2) Incorpori^ recent advances in EDC cell 
configuration and module constnetion and static feed water electroly- 
sis technology into the prototype ARS, (3) further reduce cosplexlty 
based on the breadboard system development and (4) maintain the 
simple one-button start/stop operating awde but with considerable 
reduction of the electrical cabling needed between the mechanical 
package and its automated process C/M I by incorporating advanced 
concepts in signal conditioning and multiplexing. 


2. Further simplify the subsystem hardware by coahining actuator and 
sensor functions into single hardware assemblies. For exaBq>le, in 
the CO, removal area a fluid control assembly (FCA) and a coolant 
control assembly (CCA) exist which can cow be attached directly to 
the EOCM. 


3. In parallel with the prototype ARS, advanced instrumentation and 
control concepts should be utilized to develop spaceflight worthy 
C/M I. This C/M I would use the latest technology and advanced 
concepts in signal conditioning to further reduce the size, power, 
weight and increase the reliability of the automatic instruiBentation 
required for the ARS. 

4. Provide the prototype ARS as a test bed with which considerable 
endurance testing can be achieved to demonstrate the readiness of 
integrated regenerative ARS technology in time for the Space Station 
detailed design and development. 
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APPENDIX 1 


ARX-1 SOFTWARE MODI IE LIST AND CHANGE SUMMARY 


Progran 

Modified 


NaM 

Description 

Yea 

No 

BASEPG 

Base Page Pointers and Data 

X 


BUFFER 

System Tables and Buffers 


X 

EQUIDEF 

System Definition and Mnemonics 


X 

SNRDEF 

Sensor Definition 

X 


AMPLIT 

Analog Sensor Amplitude Limiting 

X 


CDHNLR 

Front Panel Command/Data Handler 


X 

DISPLY 

Display the Contents of an ASCII Buffer 


X 

DSCNTL 

Display Control 


X 

EKOSNX 

Echo Input and Syntax Check 


X 

KLSTMR 

Elapse Timer List 


X 

EXAMIN 

Examine Operation of Operator Command 


X 

FPDSPK 

Front Panel Display Package 


X 

FPRQST 

Front Panel Request Service 


X 

IDSRCH 

Sensor Identification Code Search 


X 

LIGHT 

Update the Front Panel Indicator Laa^s 


X 

MODIFY 

Modify Operation of Operator Conoand 


X 

MSGBUF 

Display Message Text 


X 

OEMSUB 

On-line. Examine and Modify Library 


X 

OPRSRV 

Service Front Panel Request 


X 

SPCRPP 

Setpoint Cross-Reference Lookup 


X 

SRSKEY 

System Front Panel Key Service 


X 

TMRUPD 

Timer Counter Update 


X 

VERIFY 

Verify Password 


X 

AUDIO 

Audio Signal 


X 

BINDEC 

Binary to Decimal ASCII Conversion 


X 

CONST 

Adjustable System Constant Table 


X 

CONVRT 

Input Data Conversion 


X 

ERRCOD 

Component Error Request 


X 

ERRTXT 

Text Error Message Request 


X 

INPUT 

All Analog and Digital Sensor Inputs 

X 


LIBRY 

Subroutine Library 


X 

LTDSP 

Light Display 


X 

MACSUB 

Macro Subroutines 


X 

OUTPUT 

All Analog and Digital Actuator Outputs 

X 


OVR.»CT 

Actuator Override Handler 


X 

ERTE 

Real Time Ex<jcutlve 

X 


SCALE 

Scale Analog Sensor Value 


X 

ERCODE 

Coded Error Messages 


X 

ERTEXT 

Text Error Messages 


X 

FDMSG 

Fault Massage Randier 


X 

SDCODE 

Decode and Sensor Code to ASCII Character 
Conversion 


X 

SNRTYP 

Sensor Type Decoder 


X 


continued- 
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App«ndix 1 - continued 


Prograa 

Modlflod 


Nane 

Daacription 

T«s 

No 

SPCRFD 

Setpoint Cross-Reference for Fault Detection 


X 

SPFIND 

Detemlnc Analog Sensor's Status 


X 

AB 

Normal to Shutdovn Transition 

X 


BA 

Shutdown to Normal Transition 

X 


AE 

Normal to Standby Transition 

X 


EA 

Standby to Normal Transition 

X 


BC 

Shutdown to Purge Transition 

X 


CB 

Purge to Shutdown Transition 

X 


OPCON 

Operating Mode Control 

X 


PWRUP 

Powerup and Power Failure Handler 


X 

ALIVE 

Output a Square Have to Supplementary Shutdown 


X 


Controller 



ca 

Current Control Subroutine 


X 

CFTC 

Coolant Temperature Control Subroutine 


X 

CHOMP 

CHCS Tesiperature Control 


X 

GRID 

Corrected Remainder Integer Divide 


X 

DPN 

Double Precision Negate 


X 

EDCI 

EDCM Current Control 


X 

EDCTMP 

EDCM Teiqperature Control 


X 

PCI 

Pressure Control Loop 


X 

SBTTMP 

Sabatier Temperature Control 


X 

SYSPRS 

System Pressure Control 

X 


SYSMOD 

System Operating Mode Display 


X 

TCL 

Temperature Control Subroutine 


X 

VLVSTP 

Simulates Mechanical Valve Stops 

X 


WESTMP 

WES Temperature Control 


X 

WSTIFL 

Hater Storage Tank #1 Fill Control 

X 


WESl 

HVEM Current Control 


X 

HST3RM 

Hater Storage Tank #3 Removal Control 


X 


Al-2 


APPENDIX 2 


ARX>1 LI6RT/DABK CTaE MODE TRANSITIONS 
Nor— 1 to Standby (Light to Dark) (A to E) 

1. If —tor fill control (WSTIFL) io running* woit until coaplotod. Noto* 
fill ti— r di—blod. 

2. Sviteh to Standby —do fault dotoction tablo. 

3. Dioablo EDCM and SFWEM currant control. Clooo V17, wait 0.3 ooconda* 
verify. 

4. Open V16 and VIS* —it 0.3 seconda* verify. Walt 30 seconda. 

5. Diaablo 3-FPC ayaton proaaure control. 

6. Cloao EDCM inlet valve by energising —tor through V32. Wait 5.1 
aeconda. 

7. Deenergise V32. 

8. Close EDCM outlet valve by energising —tor through V35. Wait 5.1 
seconds. 

9 . Deenergise V35 . 

10. Enable Standby — de. 

Standby to Nor— 1 (Park to Light) (E to A) 

1. E— ble 3-FPC systen pressure control. 

2. Di—ble low fault detection on El'-lS* II « 12. 

3. Switch to Nor— 1 node setpoint table. 

4. Set SFWEM current control to 9.9 to 10.0 A. Open V17, wait 0.3 seconds* 
verify. 

5. Enable SFWEM current control. Wait 1 nlnute. 

6. E— ble SFWEM te^erature control. 

7. Set SFWEM current to 18.9 to 19.1 A. Walt 1 nlnute. 

8. Close V16 and V18* wait 0.3 seconds* verify. 

9. Open EDCM outlet valve by energising —tor through V32. Wait 5 seconds. 

10. Deenergise V34. 

11. Open EDCM inlet valve by energising —tor through V33. Walt 5 seconds. 

12. Deenergise V33. 

13. Wait until El to E6 are greater than 0.8 V* check every 0.2 seconds up to 
3 nlnutss. 

14. Enable EDQl current control. 

15. E— ble low fault detection on E1-E18* II* 12. 

16. Enable EDCM tenperature control. 

17. Enable Nor— 1 — de. Restart fill control tl— r. 
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